Neuropsychological, neuroanatomical, and electrophysiological data are presented on two subjects with fetal alcohol syndrome (FAS). Both boys had intelligence quotients in the mentally deficient range and were found to have several other severe, specific deficits. Magnetic resonance imaging showed abnormalities of the corpus callosum, and reductions in the size of the basal ganglia and thalamic structures. No focal abnormalities were noted in the electroencephalogram records, although the electroencephalograms of both boys were moderately abnormal for their age group. A multidisciplinary approach to the study of FAS, hopefully will lead to a more unified concept of the disorder and perhaps indicate specific areas of vulnerability.
F with a variety of central nervous system (CNS) anomalies. 'I* Behaviorally, these children are typically retarded and may show attentional deficits. Morphologically, numerous abnormalities (e.g., agenesis of the corpus callosum, migration errors) have been reported, but these reports have relied primarily on postmortem examination in infant^.^ This sample, therefore, may not be representative of the larger population with FAS. Similarly, previous electroencephalogram (EEG) studies have focused primarily on infant^,^-^ and little electrophysiological data exists on older children with FAS. However, the data indicate that EEG may be very sensitive to an alcohol insult.
This report documents two cases of FAS using a multidisciplinary approach, including: a neuropsychological examination, magnetic resonance imaging (MRI), and electrophysiological (EEG) testing. The neuropsychological exam provides information concerning affected brain areas and an assessment of current functioning, including strengths and weaknesses. MRI provides three-dimensional morphological information about the brain and a quantitative assessment of which areas of the brain are affected. Lastly, EEG should theoretically provide one functional link between the anatomical anomalies and behavioral dysfunctions observed in children exposed to alcohol prenatally.
SUBJECTS
Both subjects described here are part of a larger project in San Diego. The caregiver of each child was initially contacted by Dr. K. L. Jones and asked to participate in the study. Subject 1 is a 13-year-old white male and subject 2, a 14-year-old black male. Both had previously been diagnosed as having FAS by Dr. Jones and both were taking medication at the time of testing (subject 1: phenobarbital, thioridazine, and flurazepam; subject 2: pemoline). Each child was administered a battery of neuropsychological tests. The tests and the results obtained are outlined in Table 1 . Both children's intelligence quotients (IQs) were in the mentally deficient range and both demonstrated severe deficits in immediate memory span for words, word comprehension, verbal fluency, naming, visual-motor integration, and memory for motor sequences. Additionally, they both showed mild to moderate difficulty with immediate memory span for digits, abstract thinking, and immediate memory for a story.
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Performances on the California Verbal Learning TestChildren's versionI4 (CVLT-C) were compared with two groups of children, one matched for chronological age, 
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Boston Naming Testt and one matched for mental age (according to verbal IQ scores). When compared with children of similar chronological age, both subjects showed impaired immediate and delayed recall with excessive perseverations and intrusions. On recognition testing, they showed poor discrimination and an increase in false-positives. When compared with eight 5-year-old male controls, to equate mental age, both FAS subjects demonstrated relatively normal learning and recall. However, they still had excessive intrusions, and poor recognition discrimination with an increase in false-positive responses. A standard protocol was used for acquisition of MRI brain images." Briefly, two spin-echo pulse sequences were used to obtain images of the sagittal and axial planes. T1-weighted (repetition time = 600 msec; echo time = 20 msec) images were used for the sagittal views, while T2-weighted (repetition time = 2000 msec, echo time = 25 and 70 msec) images were used for the axial views.
Clinically, the MRI for subject 1 showed slightly asymmetrical but otherwise normal ventricles, normal sulci, and no hyperintensities. The corpus callosum was moderately hypoplastic. For subject 2, the images showed normal sulci, complete agenesis of the corpus callosum, and enlargement of the atrial and temporal horns of the lateral ventricles. This ventricular enlargement is probably secondary to the agenesis of the corpus callosum.
Morphometric analyses were conducted on both subjects and comparisons were made with nine age-matched normal controls. These indicated that the cerebral and cerebellar cranial vaults were significantly reduced in the FAS cases relative to controls. In addition, within the cerebral cranial vault, there was an increased amount of ventricular or subarachnoid fluid, indicating volume loss of brain tissue. Gray matter reductions in the caudate and thalamus were disporportionate to the overall microcephaly while the volume of white matter was not reduced beyond that expected from the overall cerebral reduction. Since it is still possible that reduction in volume of these structures is due to the overall microcephaly, the FAS cases were compared with a group of age-matched children with Down's syndrome. j 6 The Down's syndrome children also show reductions in the volume of the cerebral cranial vault but the basal ganglia and thalamic structures are proportionally larger than expected for the amount of cerebral r e d~c t i o n . "~~~ Fig. 1 summarizes the morphometric analyses.
ELECTROPHYSIOLOGY
Grass, gold-plated electrodes were placed, using the international 10-20 system, at F3, C3, P3,01, T3, T5, F4, C4, P4, 02, T4, and T6. EEG was recorded on a NihonKohden machine from both bipolar (parasagittal chains) 
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CO FAS DS Fig. 1 . The distributions of estimated volumes (in voxels) of the total supratentorial (cerebral) cranial vault, the total infratentorial (cerebellar) cranial vault, the combined caudate and lenticular nuclei (basal ganglia), and the combined thalamic, hypothalamic, and septa1 structures (diencephalon). Age-matched groups of nine normal controls (CO), two subjects with fetal alcohol syndrome (FAS) and three subjects with Down's syndrome (DS) are compared. For the FAS subjects, triangles represent subject 1 and squares represent subject 2.
and unipolar (referenced to the ipsilateral ear) montages. EEG was collected for a 5-min period from the awake subject with eyes closed.
Inspection of the paper records revealed that both EEGs were moderately abnormal. The dominant rhythm in both records was in the theta (4-6 Hz) range. In addition both records contained occasional delta ( 1 -2Hz) activity, predominantly in the posterior head regions. There was no focally abnormal EEG activity noted in either record and no asymmetries were found. Subject 1 had an excessive amount of fast activity in the 12 to 20 Hz range in all channels, but primarily in the frontal and central leads, probably due to medication. Alpha (8-12 Hz) activity was missing in this subject whereas in Subject 2, sparse 8 Hz activity was visible in the posterior leads.
DISCUSSION
This report provides preliminary information on three aspects of the effects of prenatal alcohol exposure in two severely affected children. Many of the results from the neuropsychological examination such as IQ are similar to those reported by others. However, because of the inclusion of additional tests, new insights about specific deficits can now be tested. For example, on the CVLT-C, besides difficulty in learning and recall, these two children had problems with recognition memory and gave a high number of false-positive responses. In contrast, children, aged 6 to 12, diagnosed with attention deficit hyperactivity disorder (ADHD), have a similar difficulty with learning and recall, but not with recognition or false-positive response~.'~ This suggests that the deficits in learning and memory in children with FAS may lie at the encoding and storage level and are distinct from the attentional deficits commonly reported in relation to prenatal alcohol exposure.2o
In both cases, the MRI analysis showed abnormalities of the corpus callosum and reduced volumes of several brain structures. Importantly, the comparison between the children with Down's syndrome and the FAS cases indicates that the reduction in subcortical structures in children with FAS should not be considered as simply secondary to microcephaly. It is also important to note that anomalies of the corpus callosum have previously been reported in several cases of FAS. In a review of the neuropathology of FAS, Clarren3 reported three cases of callosal agenesis and an additional eight cases were reported in a review by Jeret et al." Given that the incidence of agenesis of the corpus callosum has been placed between 1 and 3 per 1000,2' Jeret concluded that callosal agenesis occurs sporadically in FAS. The EEGs revealed moderate abnormalities, with theta activity dominating the records in both subjects.
It must be stressed that these two cases represent the more severely affected end of the spectrum of FAS effects. However, it is possible that abnormalities observed using this multidisciplinary approach may help us to identify a distinctive pattern of brain damage, both structural and functional, resulting from prenatal alcohol exposure. It may be possible to identify specific brain areas or behaviors that prove to be especially sensitive measures of the effects of alcohol. With the inclusion of more subjects and with subjects of different degrees of CNS involvement, perhaps a biological marker or "signature" of prenatal alcohol exposure can be found. This information might allow for early identification of fetal alcohol effects and thus for early intervention and appropriate remediative attention necessitated by prenatal alcohol exposure.
